Most orthopoxviruses can multiply in cells derived from a variety of tissues established from numerous mammalian and several avian species. In vivo, all mammalian species studied to date are permissive for vaccinia virus (VV) , at least at the site of inoculation and despite the fact that no natural host is known for VV. This broad host range may be explained in part by the relative autonomy the orthopoxviruses display with respect to the cells they infect, which is due in turn to the capacity of these viruses to code for many of the genes involved in viral DNA and RNA synthesis. The large genome of these viruses also endows them with the coding potential for functions that might allow adaptation to different cellular environments. One example is provided by a VV host range gene that we recently characterized (5) . Cowpox virus (CPV), the member of the orthopoxvirus family with the largest genome, probably encodes more genes involved in cell adaptation than any of the other members. That this may indeed be the case is suggested by the finding that CPV can multiply in Chinese hamster ovary (CHO) cells, in contrast to VV (2, 6) . CHO (11) . The plasmid vector pAT153 (16) was propagated in Escherichia coli HB101. The VV transplacement vector pTG186poly (7) was similar to one previously described (10) . Briefly, it consisted of a minimal E. coli replicon (pTGlH) into which had been inserted the VV HindIII J fragment. The latter was interrupted at the tk locus by the VV 7.5-kilodalton early late promoter (10) and a polylinker segment for convenient insertion of foreign genes. For nucleotide sequencing, DNA fragments were inserted into the single-stranded bacteriophage vectors M13 TG130 and M13 TG131 (8) and phage was propagated in E. coli JM103. Dideoxynucleotide sequencing was carried out by the method of Sanger et al. (15) .
Marker rescue. As previously described (7) , CEF were infected with a VV temperature-sensitive mutant (tsN7) for 2 h at the permissive temperature (33°C). The (Table 1) . As expected, in the single-control infections, there was no increase in the VV titer and a 30-fold increase in the CPV titer. The natural thermosensitivity of CPV at 39.5°C was then used to detect VV in the mixed infection. Thus, the yield in the coinfection was 10-fold higher than the input virus titer, and most of this progeny corresponded to VV, since it lacked the thermosensitivity of CPV. As it is unlikely that such a high coinfection titer would be obtained simply through recombination, the results indicate that CPV encodes a function that could complement the VV defect for multiplication in CHO cells.
Isolation of recombinants between CPV and VV. An approximate localization of the region of the CPV genome that enables multiplication in CHO cells was first sought by isolating recombinants between VV and CPV and correlating their phenotypes with their DNA restriction profiles. Again, the natural thermosensitivity of CPV was used to select against wild-type CPV. In this case, CEF were coinfected with CPV and a ts mutant of VV at 33°C. Recombinants were then selected by plating at 39.5°C, a nonpermissive temperature for both parental viruses. A total of 25 independent recombinants were amplified on CEF and assayed for their ability to multiply in CHO cells. Among these isolates, only (Fig. 3A) . However, in all of the recombinants, the EcoRI C fragment typical of VV was missing. It could thus be deduced that recombination between VV DNA and a CPV fragment had led to a rearrangement of the VV EcoRI C fragment. To identify the rearranged fragment(s) thought to contain the EcoRI C sequences and expected to be linked to the host range sequence, DNA from the recombinants was blotted to a nitrocellulose filter and hybridized with a nick-translated VV SalII K fragment (Fig. 3 , a restriction fragment within EcoRI-C). Hybridization revealed EcoRI-C in VV DNA, two different restriction fragments in CPV DNA containing sequences repeated at both ends of the CPV genome, and a single fragment in the DNA from the recombinant viruses that comigrated with the large EcoRI A and B fragments from VV (Fig. 3B) . The result could be explained by an insertion of about 4 kilobase pairs of CPV DNA into the EcoRI C fragment of VV via homologous recombination between corresponding regions of the two genomes.
Marker rescue of the host range phenotype with cloned DNA. The enlarged EcoRl C fragment from one of the recombinants described above (Fig. 3, recombinant 6 ) was ligated to EcoRI-digested pAT153, and E. coli HB101 competent cells were transformed to ampicillin resistance with the ligation mixture. Colonies were then screened by hybridization with the nick-translated VV Sall K fragment previously used. Two recombinant plasmids designated pEAl and pEA2 containing the EcoRI fragment in either of the two possible orientations were isolated and analyzed to establish a restriction map (Fig. 4) , as well as to assay for their ability to rescue VV for multiplication in CHO cells. When CEF infected with VV tsN7 were cotransfected with pEAl or pEA2 and VV wild-type DNA, a portion of the progeny multiplied in CHO cells. The insert in these plasmids was therefore further subcloned into a VV tk transplacement vector (pTG186poly) by using various restriction sites (Fig.  4) to generate plasmids pEA5a, pEA5b, pEA6, pEA7, pEA8, pEA9, and pEA36. The purpose of using the tk-containing vector was to allow homologous recombination to occur at the tk locus even after possible removal of sequences flanking the host range gene that might otherwise have been required for recombination within the VV EcoRI C fragment at the left end of the VV genome. After each plasmid construction, marker rescue was carried out to assay for the transfer of host range phenotype and to detect the generation of tk-negative recombinants. This procedure delineated the smallest fragment (2.3 kilobase pairs) contained on pEA36 that was capable of rescuing VV for multiplication in CHO cells. Further attempts to subclone smaller fragments of pEA36, which still retained biological activity, failed. The ability of one of the recombinants containing this minimal information to multiply in CHO cells is illustrated by the multiplication curve in Fig. 1 . Interestingly, all of the plasmids capable of marker rescue (pEA5a, pEA5b, pEA6, pEA9, and pEA36), except for pEA36, gave rise to both tk-negative and tk-positive recombinants. For example, of 27 recombinants isolated for their ability to multiply in CHO cells after transfection with pEA9, 16 were tk negative and 11 were tk positive. This indicated that the pEA9 plasmid still contained enough sequence homology to allow recombination at the left-hand end of the VV genome. However, rescue with pEA36 yielded only tk-negative recombinants, suggesting that very little or no homology with the left-hand end of the VV genome had been retained on this plasmid.
Nucleotide sequence of the host range gene. The 2.3-kilobase-pair fragment contained in pEA36 was subcloned into the single-stranded phage vector M13 TG130 or M13 TG131 and sequenced by the dideoxynucleotide method with universal primers or synthetic oligonucleotides as primers (Fig. 5) pTG186poly to give rise to pEA5a and pEA5b. For these two and the following vectors, the dashed lines represent pTG186poly schematically, the short thick arrows symbolize the VV 7.5-kilodalton promoter used to obtain transcription of foreign genes inserted into the vector, and the long thin arrows indicate the direction of transcription of the host range gene deduced from subsequent sequencing. The polylinker segment at the bottom of the figure shows the restriction sites positioned at the 3' end of the 7.5-kilodalton promoter. The pEA6 plasmid was derived from pEA5a by cutting it with PstI (P) and religating the largest fragment. Plasmid pEA7 was derived from pEA6 by cutting it with ClaI (C) and religating the largest fragment. Plasmids pEA8 and pEA9 were derived from pEA6 and pEA5b, respectively, by cutting with SphI (Sp) and religating. Plasmid pEA36 was constructed in two steps. First, the small HpaI (H) fragment from pEA9 was isolated and inserted into the SmaI site of the phage vector M13 TG130 (same polylinker segment as indicated at the bottom of the hgure). The 
